Abstract Photometric observations of the W UMa binary NSVS 2569022 are presented.
INTRODUCTION
The components of W UMa systems lie between the inner and outer Lagrangian equipotential surfaces.
Because of the similarity of effective temperatures of their components, the eclipse depths are practically independent on the temperatures, but depend strongly on the mass ratio q as well as on geometrical parameters orbital inclination i and the degree of contact f . The case is different for detached binaries where the differences in component temperatures have a significant effect on the eclipse depths (Rucinski 2001 ).
The study of W UMa stars is essential for the modern astrophysics because they are probes for investi-2 D. Kjurkchieva, V. Popov & N. Petrov et al. 2011) . However, the mechanism of energy transfer, the W phenomenon (the hotter component is the smaller star) and the future fate (tight binaries or merger), are still debatable problems of the W UMa stars.
Their solution requires a knowledge of the fundamental parameters of a number of such binaries.
The mass ratio is an important parameter for each binary star, particularly it determines the W/A subtype of the W UMa systems (Binnendijk 1970) . But the mass ratio is poorly determined on photometric data of those binaries which undergo partial eclipses (Rucinski 2001; Terrell & Wilson 2005) . On the other hand spectral data of W UMa stars are rarely available due to their faintness (Rucinski 2002) . Moreover, even when the W UMa stars have spectral observations, their spectral mass ratios are not precise due to the highly broadened and blended spectral lines (Frasca 2000; Bilir et al. 2005; Dall & Schmidtobreick 2005) .
Firstly Webbink (1976) established that there is a cut-off of mass ratio: for q < q min the binary system quickly merges into a single, rapidly rotating star. The instability occurs when J orb ≈ 3J rot . Rasio (1995) theoretically calculated q min ≃ 0.09 for a contact binary containing two unevolved MS stars whose primary is mostly radiative (the value is bigger for convective envelope). Li & Zhang (2006) found q min ∼ 0.071-0.076 assuming that the W UMa systems rigorously comply with the Roche geometry. For overcontact binaries Arbutina (2007) determined theoretically q min ∼ 0.094-0.109. Later, by including the effects of higher central condensation due to rotation, Arbutina (2012) found q min = 0.070-0.074 for overcontact binaries with fill-out factor f = 0 -1. Jiang et al. (2010) argued that q min depends on the primary mass and structure and can reach up to 0.05. Yang & Qian (2015) obtained even q min = 0.044. It was supposed that the lower limit of mass ratio depends on the fill-out factor f (Rasio 1995; Rasio & Shapiro 1995) but this dependence was not studied. The majority of the foregoing theoretical investigations has been invoked by the discoveries of several binaries with extremely low mass ratios (q min < 0.09, see further Table 3 ).
Observations of low mass ratio systems is valuable to understand the dynamical evolution of binaries and the formation of blue stragglers and FK Com-type stars (Eggleton & Kiseleva-Eggleton 2001 
OBSERVATIONS
The CCD photometric observations of the target in Sloan g ′ , i ′ bands were carried out on Feb 13 and 14 2015 at Rozhen Observatory with the 30-cm Ritchey Chretien Astrograph (located into the IRIDA South dome) using CCD camera ATIK 4000M (2048 × 2048 pixels, 7.4 µm/pixel, field of view 35 x 35 arcmin).
The exposures in g ′ and i ′ were 30 and 60 s, the mean errors in the two filters were ∼0.002 mag.
The standard procedure was used for the reduction of the photometric data (de-biasing, dark frame subtraction and flat-fielding) by software AIP4WIN2.0 (Berry & Burnell 2005) .
The light variability of the target was estimated with respect to nearby comparison (constant) stars in the observed field (ensemble photometry). A check star served to determine the observational accuracy and to check constancy of the comparison stars ( 
MODELING
The photometric data were modelled using the PHOEBE code (Prsa & Zwitter 2005; Prsa et al. 2011 Prsa et al. , 2016 which is based on the Wilson-Devinney (WD) code (Wilson & Devinney 1971; Wilson 1979 Wilson , 1993 .
It allows simultaneous modeling of photometric data in a number of filters and provides a graphical user interface.
We determined in advance the temperature of NSVS 2569022 as T m =6100±50 K by comparison of its low-resolution spectrum with sample of Planck curves ( Fig. 1 ). There are two deviations of the observed spectrum from the (normalized) Planck curves: protruding peak and steeper left branch (the same deviations might be seen in the Sun spectrum). The obtained spectral temperature of 6100 K is bigger than the photometric values (Table 2) (Table 2) while the procedure of their de-reddening led to g ′ − i ′ = 0.499 (Schlafly & Finkbeiner 2011 ) and correspondingly to temperature of 6030 K, very close to the spectral value of 6100 K.
Fixed coefficients of gravity brightening g 1 = g 2 = 0.32 and reflection effect A 1 = A 2 = 0.5 appropriate for stars with convective equilibrium were assumed. Initially, we used a linear limb-darkening law whose coefficients for each component and each color were updated according to the tables of van Hamme (1993).
Since the light curve shapes (Fig. 2 ) implied overcontact configuration, we employed the mode "Overcontact binary not in thermal contact".
To search for a fit we fixed T 1 = T m and varied simultaneously the initial epoch T 0 , period P (around its known value), secondary temperature T 2 (around T m ), orbital inclination i, mass ratio q and potential Ω.
The data in two bands were modelled simultaneously.
In order to reproduce the light curve distortion we added cool spot whose parameters (longitude λ, latitude β, angular size α and temperature factor κ) were adjusted.
After reaching the best fits, we carried out also solutions for quadratic and logarithmic limb-darkening laws but they did not lead to better fits. So, further we present the results corresponding to a linear limb- PHOEBE yields as output parameters the potentials Ω(L 1 ) and Ω(L 2 ). They allowed us to calculate the fill-out factor as
To estimate the global parameters of the target we used the empirical relation M tot = 0.5747+2.3734× 
ANALYSIS OF THE RESULTS
The main results from the light curve solution are as follows.
(1) We determined initial epoch of the target. The known value of its orbital period phased well our data.
(2) The stellar components are of F spectral type.
(3) The target undergoes total eclipse.
(4) NSVS 2569022 has slightly overcontact configuration with fill-out factor 0.014 (Fig. 3) .
(5) The target is of W subtype.
(6) The different light levels at the two quadratures were reproduced by cool spot on primary component with angular size of 10
• and temperature factor of 0.9.
(7) The solution of NSVS 2569022 turned out low-sensitive to the component temperatures and orbital inclination i but very sensitive to the mass ratio q and potential Ω. The attempts to obtain fit with Ω close to Ω 2 corresponding to big fill-out factor f , were not successful.
(8) NSVS 2569022 has an extremely small mass ratio. It was determined photometrically on the base of fitting of wide total eclipse and may be adopted with a big confidence. This conclusion is supported by the coincidence of the values of photometric (q ph ) and spectral (q sp ) mass ratios for totally-eclipsed binaries established by the investigation of sample of low mass-ratio (q ≤ 0.25) systems (Table 1 in Yang & Qian (2015)).
(9) The values of stellar masses of NSVS 2569022 support the conclusion of Arbutina (2012) that the Table 3 : List of known binaries with q < 0.082. The sign * means photometric mass ratio (for total eclipses), the sign + means spectral mass ratio. This value is close but smaller than the cut-off of 0.33.
EXTREME LOW MASS RATIO
The most important peculiarity of NSVS 2569022 is its extremely low mass ratio of 0.077. This result implies that the target probably goes to instability and possible merger.
So far only 6 binaries with q < 0.082 were known (Table 3) . Three of them are with mass ratios q ph determined photometrically, from their total eclipses (as our case). One should take into account that the determination of q sp of extremely small mass-ratio binaries is exclusive difficult: on the one hand the primary radial velocity is negligible, on the other hand the secondary component is faint and invisible in the spectra. Hence, an important possibility to determine global parameters of low mass-ratio systems is the study of those of them which undergo total eclipses.
The analysis of the information in Table 3 led to the following conclusions.
(1) The binaries with extreme low mass ratios are with periods 0.29-0.45 d. This result means that probably there are two types progenitors of the merger: ultrashort-period binaries and binaries with extreme NSVS 2569022: a peculiar binary among the W UMa stars with extremely small mass ratios 7 Table 5 : List of binaries with q < 0.19. The sign * means only photometric mass ratio (for total eclipses), the sign + means only spectral mass ratio. (2) The components of binaries with extreme low mass ratios are of intermediate spectral types with 6000 K < T < 9800 K, i.e. there are no late-type stars among them (in contrast to the ultrashort-period binaries which are very late stars). Moreover, there is a trend the target temperature to decrease with mass ratio increase (Table 3) .
(3) The extreme low mass ratios (Table 3) as a rule are accompanied with big fill-out factors (f > 0.27).
However, our target has almost contact configuration (f ∼ 0.014) and presents serious exception.
The anonymous referee attracted our attention to the very recent work of Liu et al. (2018) who suppose a new mechanism of long-term period variations for W UMa-type contact binaries. Undergoing this mechanism, f is oscillating. That means contact binary systems with an extremely small q can have very different f , nearly from 0 to 1. This result can explain why the fill-out factor of NSVS 2569022 could be so small.
(4) Some of binaries with extreme low mass ratios show long-term sinusoidal modulation (Sriram et al. 2016 ) probably due to third body, but most of them reveal secular change of the orbital periods, increasing or decreasing (Table 3 ). Theoretical and evolutional study is necessary to explain which factor(s) determine the two alternatives. The secular period variability may be an indication of instability. Probably sometimes it is connected with considerable mass loss via L2 (for deep-contact configurations).
Besides observed by us eclipses we found only 3 light minima in V filter during 2016 from AAVSO database and determined their times (Table 4) . These data cover two time ranges and did not allow to search for a secular period changes of NSVS 2569022. We were able only to improve its ephemeris
Besides the cases of extremely low mass ratio (Table 3) , we found studies of around thirty W UMa binaries with small mass ratios (q < 0.19). We sampled their characteristics (q, f, P, T ) in Table 5 . Most of the targets might be found also in the list of Yang & Qian (2015) but our sample does not contain systems with photometric mass ratio of partially eclipsed targets due to their poorly determined mass ratio. Table 5 presents also information about the period variability of the binaries with q < 0.19. It turned out that almost all of them exhibit secular period increase/decrease and some undergo quasiperiodic variation, superimposed on a secular period change.
The trends (1-4) established for the binaries with the smallest mass ratios (Table 3) are approximately valid for the targets with mass ratio in the range 0.1-0.19 (Table 5) . But there are several exceptions with longer periods (P > 0.45 d) and lower temperatures (T < 6000 K). Moreover, for the second sample there is rather a trend the target temperature to increase with the mass ratio increase (Table 5) .
Yang & Qian (2015) found empirical relation f = 1.176 − 5.276 × q + 11.64 × q 2 for their sample of low mass-ratio deep-contact binaries. According to this relation NSVS 2569022 should have f =0.84.
The data from Table 3 and Table 5 reveal that the stars with mass ratio within the range 0.10-0.19 have deep-contact configurations (fill-out 0.5-0.9) while the binaries with extremely small mass ratio within the narrow range 0.06-0.08 have fill-out factors in the wide range 0.01-0.84 (Fig. 4) . NSVS 2569022 is a record NSVS 2569022: a peculiar binary among the W UMa stars with extremely small mass ratios 9
CONCLUSIONS
The main results from the modeling of our photometric observations of the W UMa binary NSVS 2569022
are: (i) The target undergoes wide total eclipse and its mass ratio is determined with a big confidence; (ii)
The stellar components are of G spectral types; (iii) NSVS 2569022 has slightly overcontact configuration (with fill-out factor f = 0.014); (iv) It is of W subtype; (v) The mass ratio of only 0.077 ranks NSVS 2569022 in sixth place among the binaries with smallest mass ratio. It implies that the target probably goes to its instability and possible merger.
NSVS 2569022 is peculiar binary with an extremely small mass ratio but slightly overcontact configuration.
